increase of antibiotic resistance has occurred in recent years. This issue may be clinically relevant and may be associated to biofilm occurrence. Resistance observed in biofilms is due to multicellular strategies and/or to the ability of individual cells, contained in the biofilm, to differentiate in a protected state that tolerates antibiotic effects.
Biofilm formation and development occur in 3 phases: adhesion, colonization, and maturation. In fact, biofilm is a highly-organized and multicellular community encased in an extracellular polymeric matrix affixed to a surface. Biofilm may be examined using confocal laser scanning microscopy, but this technique is too complex and needs the appropriate instruments. Recently, it was reported that nasal cytology performed by optical microscope may be able to detect the presence of particular spots, which are positive for periodic acid Schiff staining, specific for polysaccharide nature of biofilm envelope (5) . Thus, as most RRI are caused by viral infections and antibiotics may be overused, there is growing interest in preventive treatment. To this end, thermal water has been commonly used for rhinitis since Roman times. In particular, the Agnano spa is very popular and is attended every year by more than 100,000 people. Agnano is a district of Naples, famous for its thermal resort.
Agnano thermal water is a salso-sulphide water. However, there is no scientific evidence of its preventive activity on recurrent respiratory tract infections. Therefore, the purpose of this study (commissioned by Regione Campania to Associazione Italiana Vie Aeree Superiori: nonbinding agreement DGRC n°22, 14th February 2012) is therefore to evaluate the effects of Agnano thermal water nasal irrigation on RRI prevention in children.
MATERIALS AND METHODS

Population and eligibility criteria
A total of 107 children (70 males, mean age 4.5± 1.2 years) with RRI were enrolled in the study. Inclusion criteria were: being an outpatient, aged 3-10 years, of either gender, attending nursery or primary school, positive history of RRI in the last 12 months (2:6 episodes), good general health, and written informed consent of at least one parent. Exclusion criteria were: primary or acquired immunodeficiency, previous (last 3 months) or current administration of drugs which could interfere with the study (e.g., immunomodulants, homeopathic therapy, or systemic corticosteroids for at least 2 consecutive weeks), history of chronic disease (including cystic fibrosis), cancer, or congenital malformation ofthe airways, allergic rhinitis, and presence of acute RI.
Study design
A randomized, single-blind, two arm parallel-group protocol was designed. The study was approved by the Ethics Committee of"Azienda Sanitaria Locale Napoli-l ",
The primary outcome was the number of RRI calculated during 6 months after the thermal treatment and compared with the same period of the previous year.
Study treatment
At baseline, children were randomly assigned to the treatment with: A) isotonic saline (NaCI 0.9%), or B) inhaled crenotherapy with salso-sulphide water. Inhaled therapy was carried out using nasal washing by Rinojet (ASEMA srl, Milan, Italy) b.i.d. for 12 days. Nasal washing lasted 2 minutes per nostril. Immediately before it, children inhaled I I of water by stream inhalation for 10 minutes.
Safety
Safety and tolerability of crenotherapy were evaluated on the basis of the number and type of adverse events recorded according to the rules of good clinical practice.
Study procedures
The children were examined at study commencement (TO), after the 12-day treatment (Tl), and at 6-month follow-up. The study started in November 2011 and ended in May 2012. At each visit, history of infections occurring during the preceding period was noted. Clinical examination was also carried out as well as ENT assessment, including fibro-endoscopy and nasal cytology.
The investigators diagnosed RI on the basis of the symptoms recorded by the parent in the study diary card. The RI diagnosis was made when at least 2 symptoms or fever (axillary temperature 2:38°q, in addition to one other symptom, were present for at least 48 hours. The symptoms taken into consideration for this diagnostic purpose were: mucopurulent rhinorrhea, stuffy or dripping nose or both, sore-throat, cough (dry or productive), otalgia (earache), fever, dyspnea, and mucupurulent secretion.
Nasal cytology was performed by scraping the middle part of inferior turbinate, using a Rhino-Probe. The sample was stratified on a slide, fixed with methanol for 4 min and colored using the May-Grunwald-Giemsa staining method. Microscopic observation was performed at 400x magnification to check coloration quality and cell distribution, and at 1000x magnification in immersion to discriminate different cell types and to study the intracellular components.
A semi-quantitative grading was used as previously defined by Meltzer (6) . Neutrophil number was calculated as mean of 10 fields and categorized according to Meltzer's criteria (6) . They were graded as follows: Grade 0= not visible; Grade I= less than 10% of total cell recovered; Grade 2= 11-30%; Grade 3= 31-50%; Grade 4= >50%.
Bacteria were assessed during the nasal cytology reading and were categorized as previously defined by Meltzer (6) . They were graded as follows: Grade 0= not visible; Grade 1= occasional groups; Grade 2= moderate number; Grade 3= easily visible; Grade 4= covering the entire field.
Nasopharyngeal spotting: specific cyan-color patches corresponding to a wave-length of480 nm were considered as infectious spot as surrogate marker for bacterial biofilm (5) .
Endoscopy was performed with a pediatric rigid endoscope diameter 2.7 mm with 30°angle of vision (Karl Storz, cod 7207) with a 300-W cold light source (Storz Xenon Nova, cod 20134001). Endoscopy was video recorded by a micro-camera connected to digital recorder set (Karl Storz Tele Pack, cod 20043002-020). A flexible endoscope (3 mm diameter) was used in restless children and in those with narrow nasal fossa due to anatomical abnormalities. The child lay supine with hislher head inclinced by about 45°. Some cotton wool soaked with anesthetic solution (ossibuprocaine 1%) was placed into the nose for 5 minutes.
The complete description of the procedure was previously described in detail (7) . Briefly, the nasal fossa was evaluated in 3 steps that allowed to investigate the following anatomical structures according to Lang's description (8) : i) the inferior turbinate and its relationship with the inferior meatus, the inferior part of the septum, the aspect of the mucosa and the presence of secretion, and the rhinopharynx; ii) the maxillary line (which begins superiorly at the middle turbinate attachment corresponding at the aggernasi area), the olfactory tract when possible, the middle turbinate and its contacts with septum or uncinate process; iii) the uncinate process, the middle meatus and the half posterior of the nasal septum, the ethmoidalis bulla and its mucosal contacts, and the spheno-ethmoidal recess; this step was possible only when the space inside the nasal fossa was adequate, otherwise after local decongestion.
Osteo-Meatal Complex (OMC) was considered blocked when the semilunar between the head of medium turbinate and the uncinatum process was completely absent.
Nose obstruction assessment by endoscopy
Turbinate hypertrophy: inferior turbinates were evaluated during endoscopy, the size was graded from I to 1lI according to the Friedman's classification (9) . Grade 1was defined as mild enlargement with no obvious obstruction. Grade 1lI was complete occlusion of the nasal cavity. The turbinates in between were graded as II.
Nose obstruction symptom assessment was measured with a four-point scale: O=no obstruction; 1= slight; 2= moderate; 3= severe.
Adenoidal volume assessment: the patients were evaluated by nasal endoscopy for adenoid hypertrophy (10) . The adenoids were graded according to Parikh's classification that is based on the anatomical relationships between the adenoid tissue and the vomer, soft palate, and torus tubarius (II). The grading is based on the relationship between the adenoids and the adjacent structures when the patient is at rest (i.e. when the soft palate is not elevated). Specifically: grade I adenoids are non-obstructive and are not in contact with any of the previously mentioned anatomic sub-sites; subsequently, grade 2, 3 and 4 adenoids touch the torus tubarius, vomer, and soft palate (at rest) respectively (12) .
Statistical analysis
Firstly, descriptive stanstics were performed and quantitative parameters were reported as means and standard deviations (SD). Qualitative data were reported as frequencies and percentages. The test was used as a nonparametric counterpart. A multiple regression through the analysis of partial correlations was performed to determine the most relevant clinical parameters in the RRI. The number ofRRI was considered as dependent variable; age, nasal obstruction, OMC block, nasopharyngeal spotting, neutrophils, bacteria, adenoidal hypertrophy and turbinate hypertrophy as independent variables.
Comparison of quantitative data among the two groups of patients, in case of two independent variables, was made by the Ll-Mann-Whitney test; the paired data were compared using the Wilcoxon test. Comparison of qualitative data for non-paired was made by the chi-square test, or by the Fisher's Exact test in case of expected frequencies less than five; for paired data chisquare McNemar test was used.
For the analysis of follow-up, the quantitative data were analyzed using the Anova Friedman test and after post-hoc tests, as well as in order to decide which groups were significantly different from each other. The qualitative data were compared using Cochran's Q test. The mean ± SD and standard error (SE) was used in graphs. All statistical tests were two sided; a P value of 
RESULTS
Baseline demographic and clinical characteristics of all the study population are reported in Table I . To determine the most relevant clinical parameters involved in the recurrence of RI, a multiple regression was performed. Through the analysis of partial correlation, nasal obstruction (Adj R: 0.53, p <000000 1), nasopharyngeal spotting (Adj R: 0.29, p: 0.0001), and block ofOMC (Adj R: 0.2, p: 0.02) were the factors that most influenced RRI number.
Of 107 patients screened, 51 patients received isoton ic solution (Group A) and 56 the thermal treatment (Group B). Baseline demographic and clinical characteristics for both groups are reported in Table II . The two group s were well matched for all considered parameters (p= N.S.), thus the two groups were statistically homogeneous.
The number of RRI/year was reduced for both Group A (from 8.3± 1.3 to 6.3± 1; p< 0.005, Wilcoxon test) and Group B (from 8.2± I.2 to 3.1±1.6; p:< 0.0000 I, Wilcoxon test), as reported in Fig. I . The reduction in Group B was greater than in Group A (3. 1± 1.6 vs 6.3±1; p< 0.00001 , U-Mann -Whitney test). Tables III and IV show clinical and functional parameters in the two Groups at TO and T I. Group A showed significant reduction of nasal obstruction at T2 (from 2.2±0.65 to I.5±1; p< 0.001, Wilcoxon test), but returned substantially to baseline values at follow-up (from 1.5±1 to 2.4±0.7; p< 0.001, Wilcoxon test ), as shown in Fig. 2 . Thermal treatment (Group B) was able to significantl y reduce nasal obstruction at T2 (from 2.7±0.7 to 0.6±0.7, p< 0.0001 Wilcoxon test ). The reduction was greater than in group A ( 1.5± 1 vs 0.6±0.7 ; p< 0.00001 , U-Mann-Whitney test), and a reduction trend was maintained even at follow-up ( from 0.6±0.7 to Fig. 3 . On the contrary, Group B showed a significant reduction at TI (from 26.5% to 8.9%; p= < 0.00001, chi-square McNemar test), but an increase from TI to T2 (from 8.9% to 16%; p= 0.001, chi-square McNemar test).
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With regard to adenoidal hypertrophy (Fig. 4) With regard to turbinate hypertrophy (Fig. 5) , Group A did not show any significant changes (TO: 1.07±0.9, T1: 1.03±1, T2: 1.08±0.9; p= not signifi-101.J. Immunopathol, Pharmacol. cant, Anova Friedman test). On the contrary, Group B showed a reduction of turbinate hypertrophy (TO: 1±0.9, Tl: 0.9±0.96, T2: 0.6±0.9l; p < 0.01, Anova Friedman test); findings at T2 were compared to TO and Tl(respectively, p= 0.04 and p= 0.02; Wilcoxon test).
The isotonic solution (Group A) had no effect on: i) nasopharyngeal spotting (TO: 17.6%, Tl: 19.6%, T2: 20.3%; p= not significant, Cochran's Q test), as shown in Fig. 6 ; ii) neutrophils (TO: 2.3±1.2, Tl: 2.2±1.2, T2: 2.3±1.1; p= not significant, Anova Friedman test), as reported in Fig. 7 ; and iii) bacteria (TO: 2.4±1.1, Tl: 2.5±1.1, T2: 2.6 ±l; p= not significant, Anova Friedman test), as shown in Fig. 8 .
The thermal water treatment (Group B) reduced: i) nasopharyngeal spotting (TO: 14.2%, Tl 3.5%; P < 0.0001, chi-square McNemar test), this result was maintained at T2 (5.3%; p= not significant, chisquare McNemar test); ii) neutrophils (TO 2.l±1.1, Tl 1.7±1.l; p= 0.09, Wilcoxon test), this result was maintained at T2 (1.9±1; p= N.S, Wilcoxon test.); and iii) bacteria (TO: 2.4±1.l, Tl: 1.5±1.l; p< 0.005, Wilcoxon test), this result was also maintained at follow-up (T2: 1.6±1.2; p: not significant, Wilcoxon test).
Both treatments were well tolerated and no significant adverse effect was reported.
DISCUSSION
Crenotherapy is popularly recognized as effective and safe, even though there is still a lack of a clear evidence about effectiveness and mechanism of action. Many ENT disorders are widely treated by crenotherapy, including respiratory infections (13) . Recurrent respiratory infections represent a relatively common problem in childhood. An ambitious goal could be to prevent it. The present study aimed at investigating whether crenotherapy could be capable of preventing RRI in children.
A relevant outcome, demonstrated by this study, was that some clinical and functional factors are associated with RRI number, such as nasal obstruction, presence of biofilm (indirectly shown by the surrogate marker of nasopharyngeal spotting), and blocking of the Osteo-Meatal Complex. In other words, the presence of one or more of these pathogenic factors leads to the RRI severity.
Crenotherapy exerted several positive effects. The most relevant finding was the significant reduction of RRI number: children treated with Agnano water suffered from less than half RRI lot. J. ImmuoopathoI. Pharmacol. 
951
after crenotherapy in comparison with the control group. This result clearly provides evidence that crenotherapy may exert a preventive effect in diminishing RRI episodes. This surprising activity may be partially explained by the positive effects on some factors contributing to RRI severity. Indeed, crenotherapy was able to significantly affect nasal obstruction. Nasal obstruction probably depends on inflammatory reaction present at nasal level. It is to note that allergic rhinitis was an exclusion criterion, thus nasal inflammation is probably a leading factor involved in RRI pathogenesis. Moreover, this finding is confirmed by the fact that thermal water was also able to significantly reduce turbinate hypertrophy as well as adenoidal hypertrophy. Indeed, both features are the main cause of nasal obstruction in childhood (11). These findings may suggest an antiinflammatory activity, not only limited to an osmotic effect but also concerning a more intense mechanism of action. In addition, crenotherapy significantly reduced the blockage of OMC. OMC is a crucial anatomic system that connects nose with paranasal sinus. Its blockage is consistent with sinus infections as drainage and air passage are impaired.
The anti-infective activity provided by thermal water was also supported by the reduction of spotting presence. This finding might support the hypothesis that crenotherapy could be capable of significantly destroying biofilm, thus diminishing the recurrence ofRl. In addition, thermal water significantly reduced both bacteria and neutrophil count. These outcomes underline the possible anti-infective activity exerted by Agnano water.
However, the exact mechanisms of this thermal water should be adequately investigated as the present study could not provide adequate information. In this regard, it was recently reported that crenotherapy with sulfate-sodium-chloride water modulated the expression of proinflammatory cytokines and immunoregulatory and antimicrobial peptides (such as TNF-a, human~-defensin 2, and calprotectin) in nasal secretions of children with chronic rhinosinusitis (13) . In fact, a 15-day course of this thermal water inhalation by aerosol reduced these biomarkers as well as nasal symptoms and quality of life. Thermal water probably acted on the alterations of the epithelial immune barrier function. Thus, crenotherapy could be considered as an efficacious therapeutic tool in the management of patients with upper airways infections. The therapeutic activity ofthe thermal water may depend on the mechanical cleaning function and its physical and chemical composition. On the other hand, crenotherapy exerted also longstanding effects: this point is important as it permitted to maintain the benefits after suspension.
It is to note that other forms of local intranasal therapy (for example: silver, beta-glucans etc.) for the prevention of respiratory infections are available, but the mechanism of action is totally different.
This study, however, has some limitations: the study design was not double-blind, no cytokine was measured as well as mediator, the number ofchildren was relatively limited, and there was a casual prevalence of male subjects. On the other hand, the study was randomized and single-blind; endoscopy was also carried out on all subjects.
In conclusion, this single-blind study provided the first evidence that Agnano crenotherapy may be capable of preventing RRI as it exerts some positive effects, such as reduction of nasal obstruction, turbinate and adenoid hypertrophy, ostiomeatal complex blockage, biofilm, neutrophil and bacteria count. Further studies, applying rigorous methodology, should be carried out to confirm these preliminary outcomes.
